Background: With improvements in cardiopulmonary resuscitation (CPR) techniques, the quality and the effectiveness of CPR have been established; nevertheless, the survival rate after cardiac arrest still remains poor. Recently, many reports have shown good outcomes in cases where extracorporeal membrane oxygenation (ECMO) was used during prolonged CPR. Accordingly, we attempted to evaluate the impact of extracorporeal cardiopulmonary resuscitation (ECPR) on the survival of patients who experienced a prolonged cardiac arrest and compared it with that of conventional CPR (CCPR). Methods: Between March 2009 and April 2014, CPR, including both in-hospital and out-of-hospital CPR, was carried out in 955 patients. The ECPR group, counted from the start of the ECPR program in March 2010, included 81 patients in total, and the CCPR group consisted of 874 patients. All data were retrospectively collected from the patients' medical records. Results: The return of spontaneous circulation (ROSC) rate was 2.24 times better in CPR of in-hospital cardiac arrest (IHCA) patients than in CPR of out-of-hospital CA (OHCA) patients (p=0.0012). For every 1-minute increase in the CPR duration, the ROSC rate decreased by 1% (p=0.0228). Further, for every 10-year decrease in the age, the rate of survival discharge increased by 31%. The CPR of IHCA patients showed a 2.49 times higher survival discharge rate than the CPR of OHCA patients (p=0.03). For every 1-minute increase in the CPR duration, the rate of survival discharge was decreased by 4%. ECPR showed superiority in terms of the survival discharge in the univariate analysis, although with no statistical significance in the multivariate analysis. Conclusion: The survival discharge rate of the ECPR group was comparable to that of the CCPR group. As the CPR duration increased, the survival discharge and the ROSC rate decreased. Therefore, a continuous effort to reduce the time for the decision of ECMO initiation and ECMO team activation is necessary, particularly during the CPR of relatively young patients and IHCA patients.
INTRODUCTION
Over the past decades, the survival rate after cardiac arrest (CA) has remained poor despite the technical improvements in and the increased quality and effectiveness of cardiopulmonary resuscitation (CPR) [1] [2] [3] . Several factors, including the duration of CPR, initial cardiac rhythm, underlying primary disease, and age, may be related to the outcome [1, 4, 5] . [12, 13] . Moreover, primarily, an early decision and insertion of ECMO with appropriate indication is essential for improving the prognosis of patients with prolonged CPR [12] [13] [14] .
In this study, we have attempted to evaluate the impact of Seung-Hun Lee, et al 
3) Data collection
Clinical data such as the patient's age, sex, and other basic characteristics, and the location of CA, CPR, and defibrillation were collected. The peak level of lactate before the CPR, the results of an arterial blood gas analysis, and the initial ECG rhythm were also collected and analyzed. The primary end point in this study was all causes of death in hospital. The secondary end point was the ROSC rate.
4) Statistical analysis
All data were entered into an Excel spreadsheet (Microsoft, Bellevue, WA, USA). Data were analyzed using the SAS 
RESULTS
There was no difference in sex between the two groups.
The patients were younger in the ECPR group than in the CCPR group (59.0±18.6 years vs. 63.5±17.6 years, p=0.027).
The diagnosis of acute coronary syndrome was significantly more frequent in the ECPR group (66.7% vs. 40.6%, p＜ 0.0001). Ventricular fibrillation and tachycardia, and pulseless electrical activity were the majority of the initial ECG findings in the ECPR group (42.0% and 34.6%, p＜0.0001).
Asystole was noted only in 12.3% of the initial ECGs in the ECPR group. There were more cases of OHCA in the CCPR group than in the ECPR group (78.1% vs. 24.7%, p＜0.0001).
Further, the CPR duration was significantly longer during the ECPR (43 minutes vs. 30 minutes, p=0.027). The peak lactate level was higher in the CCPR group (10.4 vs. 9.9, p＜0.0001).
While there were more patients with hypertension and a past Seung-Hun Lee, et al Table 3 ).
In the univariate analysis, relatively young age, CPR location, CPR duration, initial ECG, pH, peak lactate level, arterial blood gas analysis, the history of hypertension, chronic renal failure, and cardiovascular disease were the statistically significant factors that showed a relationship with the survival Is ECPR Beneficial? Table 5 ).
The survival curve of the ECPR group obtained using the log-rank test after the adjustment for the CPR duration was not better than that of the CCPR group. However, the ECPR group showed a higher survival rate after 400 days, although without any statistical significance (p=0.183) (Fig. 1) .
We also analyzed the survival discharge rate of subgroups divided by CPR type and cardiac arrest location. CCPR in IHCA patients showed a survival discharge rate superior to that of CCPR in OHCA patients (p＜0.001) (Fig. 2) . The mortality rate of CCPR in IHCA patients was 0.45 times lower than that of CCPR in OHCA patients.
To determine the cutoff value of the CPR duration for survival discharge, we analyzed the data by using the receiver operating characteristic (ROC) curve. We found that the area under the ROC curve (AUC) in the CCPR group was 0.784. (Fig. 3) . However, the AUC in the ECPR group was just 0.582. This value was not statistically significant. According to these data, the CPR duration in the ECPR group did not affect the survival rate.
DISCUSSION
Extracorporeal life support (ECLS) has been proposed as the fundamental rescue method in prolonged CA patients unresponsive to CCPR [6, [15] [16] [17] [18] . ECLS refers to a technology that is used for supporting the circulation of a patient with severe cardiac failure. The physiological objective is to provide temporary circulatory support to the vital organs and to unload the failing heart as the injured myocardium attempts to recover. In fact, ECLS has been suggested as a therapeutic option in cases of refractory CA since 1976 [19] .
With respect to the baseline characteristics, the patient age in the ECPR group was significantly lower than that in the CCPR group. In general, old age is one of the factors that makes the physician reluctant to decide to initiate ECPR, and although not documented, there are many medical centers internationally where old age is in the exclusion criteria for ECPR. The fact that a large portion of CPR cases are treated in the emergency department and that few cases are suitable for ECPR, has resulted in the large number of out-of-hospital
Is ECPR Beneficial?
− 325 − patients in the CCPR group.
The results showed more persistent electrical activity (PEA), ventricular tachycardia, and fibrillation in the initial ECG of the ECPR group, which means that the ECPR group had a shorter duration of CA and higher reversibility. The results of the arterial blood gas analysis in the CCPR group (higher level of pH and peak lactate) may be related to the inclusion of many cases in which CPR was continued for more than 1 hour.
In showed a relatively high ROSC rate in our study as well (Table 2) . Further, because right can rapidly supply oxygenated blood to a failing myocardium, it can prevent irreversible ischemia and earn the time prior to intervention for revascularization, which makes it similar to percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG). However, because excessively high oxygenation (high fractionated O 2 ) by ECPR can induce the formation of a superoxide, it is important for physicians to pay considerable attention to this issue [26] .
Girotra et al. [27] reported that ventricular tachycardia or ventricular fibrillation on the initial ECG rhythm showed better survival than PEA or asystole. Further, IHCA patients have a shorter CPR duration, a higher probability of a witness, and more known causes of CA than OHCA patients. As a result, IHCA patients have a higher probability of inclusion in the ECPR indication. Our data also showed more ventricular tachycardia or ventricular fibrillation on the initial ECG and a higher number of IHCA patients in the ECPR group.
The ECPR group did not show any statistical significance in the multivariate logistic regression analysis for the ROSC rate and the survival discharge rate. There are several reasons that may have led to this result. First, the ECPR group included more severe patients than the CCPR group, because the patients in the ECPR group were patients who did not show ROSC after 10 minutes of CCPR. Second, the CPR duration of the ECPR group was longer (Table 1) , since a period of at least 30 minutes was needed to activate the ECPR team and to start the ECMO during CCPR. Therefore, considering these circumstances, we think that ECPR may have had a positive influence on the results of ROSC and survival discharge rates of CPR.
Because a rapid revascularization by direct PCI or emergency CABG could be performed in CA patients with ACS, they had higher ROSC and survival discharge rates. It is very natural that IHCA patients showed a higher ROSC rate (2.24 times) and a higher survival discharge rate (2.59 times) than OHCA patients. This study proved that with every 1-minute increase in the CPR duration, the ROSC rate decreased by 1% and the rate of survival discharge decreased by 4% in both groups. In the end, we can assume that by increasing the ROSC rate, we can also increase the survival discharge rate.
Therefore, a well-organized ECMO team must be prepared in order to reduce the time from the activation of the ECMO Seung-Hun Lee, et al
team to the actual start of the ECMO.
Another important point to be discussed in this study is that we showed that the cutoff value of the CPR duration is 20 minutes for possible survival discharge in the CCPR group. Therefore, we have been trying to reduce the activation time of the ECPR team from 10 minutes to 7 minutes in order to reduce the CPR duration. Further, in the near future, we plan to investigate whether the reduced CPR time of 7 minutes has any statistically significant influence on the survival discharge rate. Unfortunately, we could not obtain the cutoff value in the ECPR group, but by collecting more data, we are expecting to obtain this valuable information in the near future.
We are expecting that based on the preliminary results of this study, we may obtain more important and significant results of ECPR in the future, by acquiring more data and carrying out some analysis using propensity score matching, which may increase the statistical power.
1) Limitations
This is a retrospective observational study. We included all causes of CA in this study. Previous studies that analyzed the ECPR mainly included only the cardiac-originated arrest patients, which accounts for about half of the total CA patients.
Therefore, by limiting the patient range to cardiac-originated arrest patients, it is possible to obtain more unified information. However, since extra-cardiac-originated CA patients also comprise the other half and considering that they are also possible candidates for ECPR, we have included all cases of cardiac arrests in this study irrespective of the cause.
2) Conclusion
The survival discharge rate of the ECPR group was comparable to that of the CCPR group. With an increase in the CPR duration, the survival discharge rate and the ROSC rate decreased. Therefore, a continuous effort to reduce the time taken for the decision of ECMO initiation and for ECMO team activation is necessary, particularly during the CPR of relatively young patients and IHCA patients.
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